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Surface distortion of knit fabrics has received considerable 
attention fro* research personnel due to consnaer ooaplalnts concemig 
excessive snagging and picking problems associated with the fabric,    0ns 
reason for this problem of distortion of the surfsce of knit fabrics is 
the lack of an adequare test method to aeasure distortion propensity of 
a fabric before it is marketed,    A second proposed reason is the effect 
of laundry tesperature and technique on the polyester fiber structure. 
Another suggested reason is the effect of surface design. 
The purpose of this study was te develop a test procedure to pre- 
dict surface distortion propensity in polyester double knit fabrics.     In 
order to test the effectiveness of the test procedure, the distortion 
propensity of different surface designs were investigated.    Testing also 
Included investigation of the effect of laundering tesperature and tech- 
nique on the surface distortion of the experimental fabrics. 
The surface distortion apparatus developed for this study was a 
Tabor Abraser Model E-4010 adapted with wire brush wheels Instead of Cal- 
ibrate or Calibrade wheels.    A variac rheostat was used to slow the revol- 
utions psr minute from 69 down to &9 revolutions per minute. 
The results of experimentation Indicated that a rotary abraser 
of this type could be developed for the abrading of fabrics.    Further 
experimentation sight Indicate that the number of cyoles sight be reduced 
to prevent immediate destruction of the fabric. 
All samples were randomly tested on the surface distortion device. 
Bach sample was placed Individually on a grey peg board viewing apparatus 
with an overhead floxescent light as the only source and evaluated on a 
rating scale of five to one.   This rating scale was composed of five 
separate saaples of a plain whit* double knit fabric, that bad boon dis- 
torted to different degrees.    A Class 5 Indicated no surface distortion 
and a Class 1 Indicated eztrene surface distortion.    So that each saaple 
had a possibility of one to five scores. 
All test fabrics were one hundred percent polyester, white, weft 
knits.    The basis differences In the three fabrics were tne surface de- 
sign, which proved to be significant to surface distortion propensity to 
the  ,0001 level of confidence. 
The experimental fabrics In this study were subjected to two 
different laundering techniques, machine and hand laundered.    The dif- 
ference In the effect of laundering techniques on evaluations of surface 
distortion were slightly significant at the .0006 level of confidence. 
It was observed that machine washed samples deteriorated slightly sore - 
than the hand washed samples. 
The experimental fabrics In this study were subjected to four 
different laundry intervales, 0 (control), 1, 5, and 10 launderings.    The 
difference In laundry intervals proved to be significant to the .0001 
level of confidence.    The only significant interaction was that between 
the fabrics and the laundering Intervals. 
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CHAPTER  I 
DITBODUCTION 
In the last decade polyester doable knit fabrics nave become 
Increasingly popular la apparel fashions.    This popularity Is due to the 
wearability,   versatility and easy-care properties of polyester double 
knit fabrics.    Polyester double knits nave been used for fashion apparel 
ranging froa woaen's coats, dresses, and pant suits to aen's slacks and 
business suits,    factors such as the versatility In accepting a vide 
range of colors and the ability to achieve a variety In hand by the yarn 
and knit constructions contribute to the wesrability.    Since polyester 
double knit fabrics resist wrinkling in wear, can be Machine or hand 
laundered when soiled, and do not need to be ironed after laundering, 
they are easy-care fabrics. 
The popularity of polyester knits has been achieved in spite of 
characteristics which llalt their acceptability in consuser use.    A 
major disadvantage of knit fabrics is the inherent tendency of the fab- 
ric to becoae roughened or distorted by being brushed against or caught 
on a rough surface causing unsightly picks and snags.    These surface 
distortion effects detract froa the appearance of a garment, causing It 
to look worn and old.    Such surface damage which can occur In relatively 
new garments tends to reduce the value of the apparel lten.    Hence, the 
problem is of particular concern to aanfacturers of polyester knit man- 
ufacturers of polyester knit fabrics. 
Surfaoe distortion of knit fabrics has received considerable 
2 
attention from research personnel.    A report of the American Association 
of Textile Chemists and Colorlats Indicated the Importance of surface 
distortion of knit fabrics by ranking the processing of knit fabrics 
with no snags as "one of the five trouble spots plaguing textile chea-  . 
leal treatment and finishing."! 
Factors  contributing to this distortion have been related to the 
fiber properties, yarn type, fabric design, and also to the effects of 
laundering temperatures and techniques on the fiber and fabric struc- 
tures.    Related to these changes in physical characteristics is the ina- 
bility to anticipate the fabric performance in consumer use.    Neither 
testing equipment nor procedures have been effective in predicting the 
various forma of surface distortion.    The need for laboratory techni- 
ques which simulate wear action has been cited aa an area of concern for 
the textile Industry. 
STATEMENT OF THE BROBIEN 
This sttxly baa been designed to Investigate the problem of sur- 
face distortion of selected polyester knit fabrics and to attempt to 
develop a method of predicting and evaluating surface distortion. 
Objectives 
The objectives of this study were tot 
1.    Develop a testing procedure to predict and evaluate surface 
distortion propensity in polyester double knit fabrics. 
1ajmwiean Association of Textile Chealets and Colorlsts, Special 
Beport,    "Zeroing In On Five Top Trouble Spots,"   Textile WorM. CVIII 
(October, 1971), *. 66, 69. 
2. Test the effectiveness of the instrument and procedure on 
different surface designs of polyester knit fabrics. 
3. Determine the effect of laundering temperatures and tech- 
niques on the surface distortion of the experimental fabrics. 
Limitatlona 
The study was limited in the following waysi 
1. A testing deriee was adapted from a Taber Abraser Nodal 
E-4010 equipped with a Variac rheostat. 
2. Three polyester double knit fabrics were selected for exper- 
imentation as being representative of fabrics in consumer use. 
3. The treatments of the fabrics were limited to hose launder- 
ing procedures similar to those in consumer use. 
Assumptions 
In this study it was assumed thati 
1, Fabrics would show effects of distortion. 
2. Fabric distortion is a characteristic which can be evaluated. 
Hypotheses 
The hypotheses of this study stated in tha null fora, werei 
1. There was no significant difference at the .001 level of 
confidence in aurface distortion among the three fabrics. 
2. There was no significant difference at the .001 level of 
confidence in the aurface distortion of the fabrics subjected to the 
three laundering treatments. 
3. There was no algnifleant difference at the .001 level of 
confidence of interaction between fabrica and treataenta. 
DEFDJITIOH Or THUS 
The terms defined for this study are as follows i 
Surface distortion. Abrasion of the fabric resulting In picking 
and/or snagging of the fabric snrfaee. 
Picking. Breaking of the Individual fibers. 
Snagging. Extraction of an entire weft yarn. 
Double knit, knit fabrlo In which a weft yarn la Interlocked 
with loops in the preceding row to fora a fabric. 
Surface Distortion I valuation. Measurement of the extent to 
which the surface of the fabrlo was abraded. 
CHAPTER  II 
RITBW OF LUERATORI 
Review of the Problea of 
Surface Distortion 
The problea of surface distortion Is best defined by Aly El- 
Shlekh "as a. phenomenon that occurs when a number of filaments In the 
yarn or even a whole yarn are pulled away and stand away from the sur- 
face of the knit fabric."2    Several theories have been suggested In re- 
gard to the problea of distortion In polyester double knits.    The surface 
distortion problea Is Influenced by many variables, naaelyi fiber, yarn 
construction, knit construction, finishes, effect of laundering and test 
procedures.    Since each of these factors influence surface distortion 
each aust therefore be discussed separately. 
Theories of Causes of 
Surface Distortion 
Snagging, picking and pulled yarns are weaknesses in polyester 
fabrics caused largely by the inherent strength of the fiber.    Polyester 
is a fiber with tenacious strength which, when pulled requires excessive 
strain to break it loose froa the fabric.    Often the pulled fiber needs 
to be cut because strain on the fiber will cause the entire to be pulled 
out of the fabric construction.   This Is in oppostion to the pulling of 
2Aly El-Shiekh, "The Snag Behavior of Knitted Fabrics," First 
Annual Report to the National Sclenoe Foundation (Grant GK 32012), Jan- 
uary, 1972 - January, 1973, !• 
a maker fiber, sueh as wool, which would break and fall from the sur- 
face of the fabric. 
Host polyester fibers that are manufactured are smooth and 
cylindrical la shape.    As Brunnschwaller stated "saooth cylindrical 
fibres are apt to work their way to the fabric surface. "3   Once on the 
surface the fiber can easily beeoae caught, causing an unsightly snag. 
Polyester double knit are composed mostly of filament yarns. 
Therefore, when a filaaent is pulled it causes tight threads or "shin- 
ers'* as Peter Lennox-Kerr states in his research.    James Blere sug- 
gested at a Textile and Apparel Seminar that this problea would be elim- 
inated if polyester double   knits were nade with spun yarns Instead of 
filaaent yarns. 5   The reason being that the yam would break before a 
shiner could be formed. 
Other theoriea stated by Aly Bl-Shiekh are that "snagging 
potential decreases as yarn twist decreases and as yarn rigidity (denier 
/fil) increases. "6   To eonbine all three theorise about yarn construc- 
tion the best possible yarn for polyester double knits would be a bulk- 
ier, spun, low-twist yarn. 
3B. Brunnsehwellsr,    "Pilling - Causes, Methods of Control, and 
Testing."    Clba Review. XI (Septeaber, 1958). 3*-36. 
fcPeter Lennox-Kerr,    "Snag Tester For Double Knits,"   Textile 
Industries. CXXXIV, Ho. 10 (October, 197*0.125-126. 
5jaaea H. Blore,    "Snagging of Textured Polyester Double Knits,' 
Modern Knitting Management. L (May, 1972). 3*-35. 
^l-Shiekh, op. oit., pp. 152-153. 
The knit construction Is an Important variable in the problem of 
surface distortion with polyester double knit fabrics.    Peter Knicker- 
bocker, 7 R.E.Bsad,8 and Charles Reichaan? reported In their separate 
articles that knit construction alone will stop the problen of snagging. 
It has been suggested that a fabric with alternating high ridges and low 
indentions allows for protruding areas to exist.    These areas can easily 
be caught on rough surfaces.   The problen becones sore noticeable on a 
aulti-color design because the broken fibers nay over lap another color. 
It was reported by Saul Helfgott that the loose stitch knit patterns are 
the designs that are snag potential.10   The nost hazardous construction 
is the "Plain Jersey face stitches"11 according to Janes Blore.    It 
could therefore be established that the surface distortion of polyester 
dottole knits could be reduced with the use of better knit constructions 
being utilized. 
Polyester double knit fabrics were in large scale production 
when the problen of surface distortion appeared as a consuner complaint. 
7peter Knickerbocker,    "Outlook For Knits 1973 - 197^," Knitting 
Industry.   XCIII (January, 1973). ^. 85. 
8R.E. Reed,    "A Hew Snag Tester,"   Sources and Resources. TI, 
Ho. 3 (1973). 37. 
°Charles Reichaan,    "Hen's Hear Cutters Surnount Initial IMvi- 
oation Obstacles,"    Knitting Tinea.    XLI (March 13, 1972),    **-*5. 80. 
iOSaul Helgott,    "Anti-Snag Finishes For Polyester Knits." 
American Prestuff Reporter. LXI (July, 1972), 27-30. 
11 James K. Blore,    "How To Stop Snagging Of Textured Polyester 
Double Knit Fabrics,"    Knitting Tines. XL (August 9. 1971). 50-51. 
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as reported by Tony Shan.12    Therefore, Manufacturers with large invan- 
torles of distortion prone polyester fabric began to look to research- 
ers to find a finish to reduce the distortion quality of the fabric 
Many researchers suofa as Aly El-Shiekb,1^ J.A. Flnnigan,1^ and R.K. 
Read15 have described the problems of surface distortion and proclaimed 
a need for a finish to be quickly devised which would save the polyester 
double knit Industry.    H.E. Bills sore readily defined what kind of 
finish iras needed, this finish "was to improve the cohesion of the 
individual fibers in the yarn In such a Banner that the fibers were 
locked in place against each other without affecting the handle of the 
goods. "^   Saul Helfgott reported on the MaceGard Finish that would 
"eliminate the snagging potential of knit goods, be durabls to repeated 
washings and drycleanings, have a minimum effect on the esthetic pro- 
perties of the polyester, and be easy to use."17   This finish seemed to 
be what the textile Industry was seeking. 
Vhen s finish is marketed that does eliminate surface distortion, 
the finish will have to be able to withstand laundering cycles.    As Saul 
12Tony Shaw,    "Jieetingi Committee BA84 Knit Fabrics, Chairman's 
Report,"    Sources fflfl Resources. VI, No. 3 (1973)i 3o. 
13E1-Shlekh, op.  eit., pp. 152-153. 
1*J.A. Finnigan, -Laboratory Predlstion Of the Tendency Of s 
Fabric To Snag DuringSTear. - itotlls Institute and Industry, X (June, 
1972), 16*-167. 
15Read, Loe. clt. 
16H.B. Bills,    W. Thcnlg, and G. Schmidt, Jpgjg*'^ 
Finishing Of Knit snd Woven Goods,"   AmerlcAn BnfJHrf* Boporter, 1*1 
(October, 1972), 56, 66 
i^Helfgott, Loe. clt. 
Helfgott stated in hi* article "soee fabrics with little snag-potential 
initially bad a great snag-potential after being washed or drycleaned 
several ti»es."l8    jt seeas that polyester fibers lose the cohesive qual- 
ity with the agitation of the laundering process which aakes the fabric 
■ore surface distortion prone. 
Test Methods For Surface 
Distortion 
Many of the articles written by textile research personnel con- 
cerning polyester double knit fabrics concluded their articles by expres- 
sing a need for standardised test Instruments and procedures.    Presently 
there are three types of surface distortion devices on the market.    The 
first device is the Mace Tester.   This device tests only for snagging 
propensity and not picking.    The Mace tester has been considered to be 
too severe for correlation with wear-tested garments.    The second Instru- 
ment is the J.C. Penney Tester.    This device seems most valuable in test- 
ing the picking characteristics of a fabric.    This instrument is con- 
sidered too mild to show a real wear-test correlation.   The third device 
Is the DuPont Snag Tester.    This Instrument has been on the market a 
short time, therefore, little Information has be reported as to its 
effectiveness in use.    All three types of devices can test one fabric 
direction at a time.    Slnoe abrasion of garments occurs in lengthwise, 
crosswise and diagonal directions simultaneously, it seems that an instru- 
ment which would indicate distortion of this type would be of value In 
I8s»ul Helfgott,    "Finishes For Polyester Knits,"   Knitting 
Industry. XCIII (July, 1972), 26-27, 6>. 
10 
fabrlo evaluation.    Michael Felteer.W R.E. Read,20 and Otto S. Young21 
protested that there Is still no test procedure that can effectively 
duplicate expensive wear tasting.    Ally Bl-Shlkh stated "the first 
requirement to solve this problem is to establish a rapid laboratory 
method of snag testing which can be correlated to wear test results."22 
Jaaes Alexander believes "that the variability In results is aost likely 
due to differences in the evaluation of ratings, rather than differences 
In testing conditions, although either can be a valid reason for the 
differences."23    Therefore,  it is essential that an adequate test method 
be established before the problem- of surface distortion of polyester 
double knits can be solved. 
19Micbael Feltser,    "Testing For Quality and Performance," 
Modern Knitting Management.    L (May, 1972), 6fc. 
20Read, Loc.  cit. 
21otto S. Young.    Time To Check Your Knit-ventory,"    Knitting 
Times. XLI (March 13. 1972), 57. 
22E1-Shiekh, op.  cit., p. 11. 
23james Alexander,    "Task Group, Snagging Of Knit Fabrics," 
Sources and Resources. V, No.  9 (1972), 8-9. 
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CHAPTER  III 
PROCEDURE 
This study was planned to develop a procedure to predict surface 
distortion propensity In polyester double knit fabrics by adapting the 
Taber Abraser Model E-4010.    In order to test the effiveness of the 
instrument, the distortion propensity of different surface designs were 
investigated.    Testing Included investigation of the effect of launder- 
ing temperatures and techniques on the surface distortion of the experi- 
mental fabrics. 
Description of the Fabrics 
The fabrics used in this study were purchased at a retail cloth 
store as a consumer would usually purchase fabric.    Therefore, the man- 
ufacturers and special finishes or treatments that may have been applied 
to the fabrics, were not known.    All fabrics were white in color and one 
hundred percent polyester weft double knits. 
i The fabrics were marked off in thirty-six, six and one half Inch 
squares, then narked with a number from one to thirty-six in indelible 
ink.    The samples squares were chosen for each of four groups by a table 
of random numbers. 
Description of i«»»»«i«-iwff 
Techniques 
The fabrics for this stuijr were laundered by two different tech- 
niques.    Both machine washing and hand washing procedures were similar 
12 
to cleaning procedure* which would be used by consumers. 
1. The machine washed saaples were washed in a General Electric 
Filter Flo 1* washing Machine at lfcO-5 degrees F (60±3 degree* C) temp- 
ature. The fabrics were washed on the Permanent Press cycle with a wash 
cycle of twelve Minutes, a spin eysle of four Minutes, a rinse cycle of 
five minutes, with a final spin cycle of four Minutes. They were dried 
in a General Electric dryer with an exhaust tesperature ranging between 
140 and 160 degrees F (60 and 71 degrees C) for one half hour. 
2. The hand washed saaples were washed at 105- 5 degrees F (41- 
3 degrees C) with aild hand agitation for one half hour, and dried at 
room temperature. 
The laundered saaples In each procedure were washed with ninety 
grass of a ooasercial detergent.    After the first and fifth wash, fabric 
was added to provide weight equal to the original load level. 
Description of the Surfaoe 
Distortion Device 
The surface distortion device adapted for this study was a Taber 
Abraser Model E-4010.    The decision to adapt the Taber Abraser Model 
E-4010 was based on the premise tnst tne machine could test fabric In all 
directions of grain simultaneously. 
Description of Test Procedure 
The test procedure for this experiment was as followsi 
1.    The fabrics were marked off In 36, eix and one half inch 
squares, then marked with a number from one to 36'in Indelible ink.    The 
sample-squares were chosen for each of four test groups by a table of 
random numbers.    A test group was composed by the number of launderlngs 
13 
the fabric sample was to receive.    Each fabric in Group 1 (the control 
or unlaundered group,) was tactad for surfacs distortion charactaristics. 
The fabrics in Group 2 were laundered oncej Group 3 were laundered five 
tiaesi Group k were laundered ten tlaaa prior to testing surface distor- 
tion characteristics.    There were three replications within each Group 
of samples. 
2. All 72 saaples (24 of each fabric) ware tested in randoa 
order on the surface distortion devioe. 
3. Each test specisen received ten conplete revolutions en the 
surface distortion device, 
k.    After the testing was conplete, the saaples were evaluated 
randomly. 
Description of the 
Evaluation Method 
The evaluation method for this study was conducted by randoa 
selection of the saaples.    The saaples were Judged by a panel of graduate 
students in textiles who were unaware of the hypotheses or testing pro- 
cedures.    Each sanple was placed Individually on a gray peg board view- 
ing apparatus with an over head floreseent light as the only light 
source.    The saaples were evaluated on a rating scale of five to one. 
This rating scale was based on five separate saaples of a plain white 
double knit fabrio, that had been distorted to different degrees. A five 
rating Indicated no surface distortion while a rating of one indicated 
extreme surface distortion.    Therefore, each sample had a possibility 
of one of five scores. 
14 
Treatment of the Data 
Analysis of Tariance was used to determine significant differ- 
ence* at the .001 percent level of confidence to confirm ox reject the 
hypotheses stated in the introduction. 
A 3 X 2 X k factorial design was used to determine  significant 
differences within the fabrics, the laundering techniques,    the four 
laundering groups, and interactions of these major variables. 
15 
CHAPTER   IV 
RESULTS Or KXFERDCNTATKM 
The purpose of this study was to develop s test procedure to pre- 
dict surface distortion propensity of double knit fabrics.    The distor- 
tion propensity of different surface designs were Investigated, In order 
to determine the effectiveness of the test ±u.ocedure.    Testing also 
Included the effect of laundering tenperatures and techniques on the sur- 
face distortion of the experimental fabrics. 
DEVELOPfBHT OF THE TESTING DBFTCE 
Botary notion was considered likely to produce surface distortion 
effects nore closely resembling types of surface damage eneonntered In 
consumer use than Instruments correct ly nsed to evaluate fabric damage. 
A Taber Abraser Hodel B-4010 was considered as an Instrument which might 
provide such rotary motion. 
jttapting the Instrument to this purpose srquired experimentation 
with various abrasives.    The Callbrase and Calibrade wheel usually used 
with the Instrument were sufficiently abrasive to distort the surface of 
the fabric but failed to produce the characteristic snags, picks, or 
shiners.    Sandpaper of courser grain than the abrasive wheels was con- 
sidered.    Difficulty was encountered in attaching the sandpaper to the 
wheels with the permanence necessary for the abrading of the fabrics. 
A nylon tape fastener used for apparel plackets snd closures of various 
was another abrasive considered.    The barbed side of the tape would have 
16 
produced the desired types of distortion except that this abrasive also 
was difficult to attach to the surface of the wheel with the permanence 
necessary for the number of cycles needed for abrasion.    The abrasive 
action which proved to be adaptable and functional was the substitution 
of wire sanding wheels for the Callhrase or Callbrade wheels.    These vl 
wire wheels were the sase diaaeter as the Callhrase wheels and were fit- 
ted to the machine with brass collars.    The instrument equipped with the 
wire wheels is shown ss Figure 1. 
Preliminary experimentation indicated that the normal speed of 
the Abraser was too rapid and the indlTidual wires could not penetrate 
below the surface of the fabric.    A Varlac rheostat usually used with 
the vacuum attachment was connected to the instrument to reduce the 
speed from approximately 69 to 1*9 revolutions per minute.    Ten cycles 
likely to produce the desired surface distortion effects. 
LABCBATCBY ANALYSIS OP EXIERIffiHTAL FABRICS 
Fabrics with three different surface constructions were selected 
for this study.    Fabric A had a crepe effect.    Fabric B was of a weft rib 
surface construction and Fabric C had a waffle effect.    A laboratory 
analysis of the three fabrics is shown in Table I. 
The fabrics were similar in wales per inch, denier, and filament 
count but differed in eourses per inch, needle gauge and weight per 
square yard.    All fabrics were white so that neither color nor applied 
surface design would affect the visual evaluation. 
■ WM 
Figure 1 
Tatar Abraaer Model E-4010 
With Vira Wheels 
y. 
5 
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Table 1 
Fabric Construction Coaparlson 
Characteristics Fabric A Fabric B Fabric C 
Style of Knit Crepe 
Finish 
Heft 
Bib 
Haffls 
Effect 
Vales per inch 33 28 28 
Courses per Inch 50 28 M 
Yarn Denier 160 166 163 
Filament Count 30 3* * 
Needle Gauge 28 22 22 
Height per square yard 8.85 os. 9.59 os. 8.32 os. 
VISUAL EVALUATION OF SURFACE DISTORTION 
Rating of Fabrics by Jniges 
The test samples for this investigation were independently eval- 
uated by three Judges who were graduate assistants in the Clothing and 
Textile Area of the School of Hose Economies at the University of North 
Carolina at Greensboro.    The evaluations of test samples were made by 
comparing each specimen to a previously prepared set of standards of 
each fabric abraded to represent surface distortion of the following 
classesi 
Class 5 - No surface distortion 
Class k - Slight roughing of the surfaoe 
Class 3 - Noticeable roughing of the surfaoe but wearable 
I 
19 
Class 2 - Objectionable distortion (snagging and picking and 
shiners evident - wearabiHty affected) 
Class 1 - Extrese surface distortion (garment no longer wearable) 
The Judges differed in their opinions of the surface distortion, 
as can be seen in Table 2.    Judge 1 was less critical than Judge 2 and 3, 
awarding a total of 29 Class 4 ratings as coapsred to the 7 and k Class * 
ratings given by Judges 2 and 3, respectively.    Judge 3 was the nost 
critical of surface appearance, noting the specimens with extreme distor- 
tion (Class l) as compared with 12 and 17 specimens placed in this cat- 
egory by Judges 1 and 2 respectively.   Hone of the Judges considered the 
fabric worthy of a Class 5 rating. 
The mean ratings of the three Judges over all band and machine 
launierings at each interval are presented in Table 3.     It can be seen 
from these mean ratings of the three replicates of each fabric that 
ratings given by Judge 1 were consistently higher than those of the other 
two Judges.    The seen of all (72) ratings given by each Judge are com- 
pared in Figure 2.    These mean ratings of 2.9 for Judge 1| 2.5 for Judge 
2| and 2.4 for Judge 3 indicate the differences. 
DIFFERENCES IN FABRICS FOLLOWING 
SURFACE DISTORTION 
There were differences in the surface distortion effecte of the 
three fabrics prior to laundering and overall intervals and laundering 
method*. 
The surface distortion of the fabrics prior to laundering was 
less evident on Fabrics A and B (mean ratings of 3.6 and 3-5 respectively 
than on Fabric C, the waffle construction.    The surface rating on thie 
r I^VHB^B 
Table  2 
Ratings Of Three Judges 
JUDGES HAND LAUNDERINGS MACHINE LAUNDERINGS 
0 1 5 10 M 0 1 5 10 M 
Fabric A 1 *>.o b.o 3-3 3.0 3.8 *.o 3.7 3.7 3.3 3.9 
2 3.3 3.0 2.7 3.0 3.0 3.7 3.0 2.7 2.3 2.9 
3 3.3 3.0 3.0 2.7 3-0 3.3 3.0 2.3 2.3 2.6 
Pabrlc B | M 3.7 3.7 3.3 3.7 «*.o 3-7 3.3 3.3 3-7 2 3.3 3-2 3.0 2.0 2.8 3.3 3.7 2.7 1.7 2.9 
3 3.3 2.7 2.7 1.3 2.5 3-3 2.3 2.0 1.3 2.2 
Pabrlc C 1 1.7 1.7 2.0 1.0 1.8 2.0 1.7 1.0 1.0 1.* 
2 2.0 1.7 1.3 1.0 1.5 2.0 1.3 1.0 1.0 1.3 
3 1.3 1.7 1.0 1.0 1.2 1.3 1.0 1.0 1.0 1-3 
to 
o 
Table 3 
Ratings Of Surface Distortion Of Fabrics 
Before and After Laundering 
2a? 
Ratings of Judges 
Hand Laundered Machine Laundered 
1 2 3 Mean 1 2 3 Mean 
Fabric A it 2 3 3.3 it it 3 3.6 it 3 3.6 k it 3 3.6 
Interval  0 it 3 it 3.6 it 3 it 3.6 
if 3 3 3-3 it 3 3 3-3 
f. 3 3 3.3 it 3 3 3-3 
1 It 3 3 3.3 3 3 3 3.0 
it 3 3 3-3 it 2 2 2.6 
3 3 3 3-0 it 3 2 3.0 
5 3 2 3 2.6 3 3 3 3.0 
3 1 2 2.6 it 2 2 2.6 
3 3 3 3.0 3 3 2 2.6 
10 3 3 3 3.0 3 2 2 2.3 
Fabric B it 
it I 3 2 
3-3 
3.6 
it 
it 2 it 3 3.6 3.6 
0 4 3 3-6 it 3 3 3.3 
ft it 2 3.3 k 3 2 2'! 
1 
it 
3 
3 
3 
3 
3 
3.3 
3.0 
3 
3 I 
2 
3 
.6 
3.3 
it 3 2 3.0 it 3 2 3.0 2.6 it 3 3 3.3 3 3 2 
5 3 3 3 3.0 3 2 
S 2.3 
it 2 1 2.3 it 1 1 2.0 
3 
3 
2 2 2.3 3 2 1 2.0 
10 2 1 2.0 3 2 2 2.3 
•* 
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Table 3 (continued) 
Ratings Of Surface Distortion Of Fabrics 
Before and After Laundering 
Ratings of Judges 
Hand Laundered Machine Laundered 
1 2 3 Mean 1 2 3      Mean 
Fabric C 
Interval 0 
2 
2 
1 
2 
2 
2 
1 
1 
2 
1.6 
1.6 
1.6 
2 
2 
2 
2 
2 
2 
1       1.6 
1 1.6 
2 2.0 
1 
2 
2 
1 
2 
1 
2 
1 
2 
2 
1.6 
1.6 
1.6 
2 
2 
1 
2 1       1.6 
1      1.3 
1      1.0 
5 
2 
2 
2 
1 
1 
2 
1 
1 
1 
1.3 1 
1 
1 
1       1.0 
1      1.0 
1       1.0 
10 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1.3 
1.0 
1.0 
1 
1 
1 
1       1.0 
1       1.0 
1      1.0 
23 
Mean 
Ratings 
5 ■ 
4 . 
3 - 
2   - 
2.9 2.5 2.4 
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Figure 2 
Comparison of Mean Ratings of Judges 
(Overall Laundering Treatments and  Intervals) 
J 
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fabric was 1.7*    The •valuation of surface distortion of control (un- 
laundered) samples la recorded In Table k and Figure 3. 
Table k 
Ratings of Surface Distortion 
Of Six Control Samples 
Sanple Ho. Fabric A Fabric B Fabric C 
1 3.3 3.3 1.6 
2 3.6 3.6 1.6 
3 3.6 3.6 1.6 
* 3.6 3.6 1.6 
5 3.6 3.6 1.6 
6 3.6 3.3 2.0 
Mean 3.6 3.5 1.7 
Following laundering there was a noticeable decrease in ratings 
given the three fabrics.    There was slightly sore difference noted bet- 
ween Fabrics A and B with aean ratings of 3.0 and 2.7 respectively. 
Fabric C received more Class 2 and Class 1 ratings than Fabric A indi- 
cating noticeable surface distortion differences not evidenced in the 
aean scores. Fabric C, again, showed objectionable surface distortion 
with a aean rating of 1.3.    Ho Class 4 or 3 ratings were given to this 
fabric at any laundering interval. 
EFFECT OF LAUHBERIHG OH 
SURFACE DISTOBTIOR 
One objective of this study was to investigate the effects of 
laundering methods on surface distortion propensity.    The two laundering 
#•„' 25 
Mean 
Ratings 
fc 
Fabric A    Fabric B    Fabric C 
Figure 3 
Comparison of Surface Distortion 
of Control Samples 
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aethods observed wan machine Mashing with a temperature rang* of 140 to 
160 degrees F (60 to 71 degrees C) and hand Hashing with a temperature 
range of 105^ 5 degrees F (kit 3 degrees C). 
Surface distortion over all fabrics and Intervals was not appre- 
ciably affected by the settled of laundering with Means of 2.6 and 2.4 
respectively.    However, the ratings of each of the band washed samples of 
each of the three fabrics were slightly higher than those machine laun- 
dered, as shown in Table 5 and Figure k. 
Table 5 
Ratings of Surface Distortion 
Related to Laundering Method* 
Fabric 
A 
B 
C 
Washing Procedure 
Hand Machine 
3.2 
3.0 
1.4 
3.1 
2.8 
1.3 
•Overall intervals - Including the control 
EFFECT OF LAUNDERING INTERVAL ON 
SURFACE DISTORTION 
Four different laundering intervals were investigated in this 
study.    The intervals were 0(control), 1, 5. end 10 launderlnge.    Test 
data shows that progressive laundering did Influence the surface distor- 
tion propensity of the polyester double knits. 
As would be expected, surface distortion over all fabrics snd 
launderings aethods was sore evident as launderlngs and cycles of abra- 
sion vere increased.    Mean ratings decreased from approximately 2.6 at 
the first laundering to 2.0 at the tenth interval.    The results of the 
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Comparison of Surface Distortion 
Related to Laundry Method 
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jirigee ratings related to laundering Intervals Is shown in Table 6 and 
figure 5. 
Table 6 
Eatings of Surface Distortion of Fabrics 
As Belated to Laundering Interval 
laundering 
Interval Fabric A Fabric B Fabric C i 
0 3.6 3.5 1.7 3.0 
1 3.3 3.1 1.5 2.6 
5 2.9 2.9 1.2 2.2 
10 2.7 2.2 1.1 2.0 
H 3.1 2.9 1.4 
EFFECT OF LAUNDER DIG METHOD AND LAUNDERING 
INTERVALS ON FABRIC DE3T0RTI0N 
The experimental fabrics were influenced by the nuaber of laun- 
dering intervals and the laundering sethod to which they were subjected. 
Each of the fabrics was slightly sore susceptible to abrasion if aachine 
washed than if hand washed.    Also, increased nuaber of launderings result- 
ed in lower visual evaluation ratings.    All the fabrics received higher 
ratings If subjected to band washings and a ainlaun nuaber of launderings. 
The aean ratings conparing surface distortion related to fabric, launder- 
ing aethod, and laundering interval is shown in Table 7 and Figure 6. 
Mean 
Ratings 
3 
o 10 1 5 
Intervals 
Figure '5 
Comparison of Surface Distortion 
Related to Laundry Intervals 
Key 
Fabric A A 
Fabric B Q 
Fabric C D 
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Fabric A 
Fabric B 
Fabric C   G 
Hand  
Machine —   — —  
I 1 5 
Intervals 
Figure 6 
Comparison of Surface Distortion 
Related To Fabric,  Laundry Interval, 
And Laundry Method. 
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Table 7 
Ratings of Surface Distortion Related 
to Fabric, Laundering Interval, 
and Laundering Method 
laundering 
Interval 
Fabric A 
Hand        Machine 
Fabric B 
Hand        Machine 
Fabric C 
Hand        Machine 
0 3.6 3.6 3.6 3.5 1.6 1.7 
1 3.3 3.2 3.2 3.0 1.6 1.3 
5 3.0 2.9 3.1 2.6 1.4 1.0 
10 2.9 2.5 2.2 2.1 1.1 1.0 
STATISTICAL AHAYS3S OF DATA 
The saall eaaple and low numbers used In the rating of fabrics 
influenced the significance of differences as shown by the ANu*.    Differ- 
ences In aain effects and Interactions were so highly significant that 
the Tukey w procedure was applied to determine the honestly significant 
differences.    Using this procedure significant differences were found In 
the fabrics (p__ .0001), laundering treatments (p_ .0006), laundering 
intervals (p_ .0001). and the Interaction of fabrics to laundering 
Intervals (p  .0001). 
m conclusion of the presentation of data, it has been shown that 
all the aain effect, are highly significant.    And the only significant 
Interaction was that between the fabric, and the laundering Intervals. 
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CHAPTER T 
SUMMARY,   CONCLUSIONS,  AND RECOMMENDATIONS 
SDMMART 
Surface distortion of knit fabrics has received considerable 
attention from research personnel due to consumer ooaplalnte concerning 
excessive snagging and picking probleas associated with the fabric.    One 
reason for this problem of distortion of the surface of knit fabrics is 
the lack of an adequate test method to Measure distortion propensity of 
a fabric before it is marketed.    A second proposed reason is the effect 
of laundry temperature and technique on the polyester fiber structure. 
Another euggested reason is the effect of surface design. 
The purpose of this study was to develop a test procedure to pre- 
surface distortion propensity in polyester double knit fabrics.    In order 
to test the effectiveness of the test procedure, the distortion propen*: ^ 
sity of different surface designs were investigated.    Testing also in- 
cluded investigation of the effect of laundering teaperature and tech- 
nique on the surface distortion of the experlaental fabrics. 
Description of the Surface 
Distortion Apparatus 
The surface distortion apparatus developed for this study use a 
Taber Abraser Model B-4010 adapted with wire brush wheel- instead of Cal- 
ibrate or Callbrade wheels.    A Varlac rheostat was used to slow the    :<* 
revolutions per minute from 6? down to *9 revolution per minute. 
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The result* of experimentation indicated that a rotary abraser 
of this type couM be developed for the abrading of fabrics.    Farther 
experimentation might indicate that the nunber of cycles night be reduced 
to prevent innediate destruction of the fabrics. 
Description of the Test Method 
All saaples were randomly tested on the surface distortion device. 
Each specimen received ten complete revolutions on the surface distortion 
device.   There were three replications for each Group of samples,    after 
the samples were randomly evaluation.    The evaluation method for this 
study was conducted by random selection of the samples.    Each sample was 
placed individually on a grey peg board viewing apparatus with an over- 
bead florescent light as the only light source and evaluated on a rating 
scale of five to one.    This rating scale was eonposed of five separate 
saaples of a plain white double knit fabric that had been dietorted to 
different degrees.    A Class 5 indicated no surface distortion and a Class 
1 indicated extreme surface dietortion.    So that each sample had a pos- 
sibility of one to five scores.    The samples were Judged by research 
personnel unaware of the hypotheses or testing procedure.    Since the sur- 
face distortion evaluation was Judged by research personnel there was a 
human element in the experiment.    The degree to which the researcher 
juiged the fabric depended on her opinion of the extent of the distortion. 
In several instance- the rating of a single fabric ea.pl. diff.red accord- 
ing to the Judge, deciaion.    A fabric with a rough surface style effect 
•as by one Judge -hiding" the snags or picks, thereby receiving a number 
four rating.    But by another Judge the fact that the snags or pick, were 
there qualified it for a number on. rating.    Perhaps thi. proble. would 
be eliminated if the person evaluating the fabric saaple stood three 
feet away froa the sample. 
Description of Fabrics. Treat- 
aeHtsf and Intervals 
All test fabrics were one hundred percent polyester,white, weft 
knits.   The basic differences in the three fabrics were the surface do*.. 
sign, which proved to be significant to surface distortion propensity to 
the .0001 level of confidence.   Fabric A was a crops design surface 
which showed a gradual distortion froa the control interval of a 4.0 rat- 
ing to a 2.3 rating after the tenth laundering.   Fabric B showed a some- 
what greater evidence of daaage in the control Interval with a 3t6 rating, 
but after the tenth laundering it was 2.31 "hich shows a aore gradual 
deterioration after repeated laundering than Fabric A.    Fabric C started 
with a very poor rating of 1.6 with the control interval, therefore the 
evaluation after repeated launderings did not have far to fall to hit the 
bottom rating of 1.0.    All three fabrics established an individual rate 
of distortion, therefore, it can be suaaarlsed that fabric surface dees 
influence its distortion propensity. 
The experimental fabrics In this stuiy were eubjeeted to two 
different laundering techniques.    The aachine washed sasple. wsr. washed 
in a General Electric Filter Flo M washing aaehln. at 1*0± 5 degrees F 
(60* 3 degr~. C) te-perature.   The fabric ~f washed in the Femanent 
Press Cycle with a wash cycle of twelve minutes, a spin cycle of four 
minute., a rinse cycle of five -inutes, with a final spin cycle of four 
minutes.    They were dried in a General Slectrlc Dryer with exhaust tem- 
perature ranging between 140 and 160 degree. ? (60 and 71 dsgr.es C) for 
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one half hour. 
The  band waahad  Maples were washed at  105± 5 degrees F (*1- 3 
degrees C) with alld hand agitation for on* half hour, and dried at rooa 
temperature). 
The laundered samples war* waahad with 90 graaa of a commercial 
detergent. After the first and fifth wash, fabric waa added to pro ride 
weight equal to the original load level. 
The difference in the effect of laundering techniques on evalu- 
ations of surface distortion ware slightly significant at the .0006 level 
of confidence.     It waa observed that machine washed samples deteriorated 
slightly more than the hand washed samples.    It can therefore be concluded 
that laundering technique did influence surface distortion behavior to a 
small degree. 
The experimental fabrics in this study were subjected to four 
different laundry intervales, 0 (control), 1, 5» and 10 launderings. 
The fabrics were marked of in thirty-aix, alx and one half inch squares, 
then aarked with a number iron one to thirty-aix in indelible ink.    The 
samples squares were chosen for each test group by a table of random num- 
bers.    Each fabric in Group 1 was tested for surface distortion charact- 
eristics.    The fabrics in Group 2 were laundered oncef Group 3 were laun- 
dered five times 1  sad Group 4 were laundered ten tines prior to testing 
surface to testing surface distortion characteristics.    All fabrics with- 
out exception showed signs of graduated diatortion as launderings were 
increased.    The difference in laundry intervals proved to be eignificant 
to the .0001 level of confidence.    It can therefore be theorised that the 
sore tiaea a polyeater double knit fabric is laundered, the -ore the aur- 
face will be distorted. 
COHCLUSIOWS 
The results of this study indicate the following conclusions! 
1. There were highly significant differences in surface distor- 
tion among the three fabrics.    Therefore, Hypothesis 1 stating that there 
was no significant difference at the .001 level of confidence in surface 
distortion anong the three fabrics was rejected. 
2. There were highly significant differences in the surface dis- 
tortion of the fabrics subjected to the treatments.    Hypothesis 2 was 
also rejected. 
3. There was a significant difference of interactions between 
fabrics and treatments.    Hypothesis 3 was rejected. 
If.    The surface distortion apparatus developed for this study was 
an effective test apparatus for measuring distortion propensity of poly- 
ester double knit fabrics. 
RECOMMENDATIONS 
The area of surface distortion of polyester double knit fabrics 
is a broad field of study and has many topics that need to be developed. 
Among these aret 
1. Determination of a surf.ee structure that would best prevent 
surface distortion. 
2. Determination of the effect of a double knit fabric composed 
of spun yarn. (a. oppos* to fil—nt yarns) propensity of surface dis- 
tortlon. 
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3,    Determination of a ehealeal finish that could prevent surface 
distortion in polyoster double talts. 
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